Pseudomonas aeruginosa, a food-and water-borne opportunistic pathogen, constitutes a health risk mostly to immunocompromised patients, and also affects the taste, odour and turbidity of potable water. In order to detect P. aeruginosa in bottled water in Sri Lanka, 36 bottled water brands were collected randomly from retail and supermarkets island wide. P. aeruginosa was detected by the membrane filtration technique, using cetrimide agar supplemented with nalidixic acid. The isolates were subjected to confirmatory tests, viz: ISO 16266:2006 methods and growth at 4 and 42 W C, and API 20NE followed by DNA sequencing. Presumptive isolates of P. aeruginosa were observed on cetrimide agar in 50% of brands. Among these isolates, ISO procedures confirmed 58% as P. aeruginosa. Thirty-nine randomly selected isolates were identified as P. aeruginosa by the API 20NE, three of which were further confirmed by DNA sequencing. The presence of P. aeruginosa in bottled water raises health concerns since P. aeruginosa is an indicator of inferior water quality.
INTRODUCTION
This species can even grow in low-nutrient water (Moreira et al. ) and, therefore, can colonize bottled waters and also survive for long starvation periods (Legnani et al. ) . The growth of P. aeruginosa during storage could lead to a risk for consumers, especially the immunologically weak, infants and the elderly (Legnani et al. ) .
Although examination of P. aeruginosa in drinking water is not recommended as a routine procedure according to WHO guidelines, it can be used as an indicator of the quality of drinking water (Gerba ; WHO ). According to drinking water criteria of the European Union, P. aeruginosa should be absent in 250 mL for bottled water (European Communities ). However, in Sri Lanka, although 2 cfu/250 mL of P. aeruginosa is permitted for natural mineral water, it is not included in bottled drinking water standards (SLS : Part :  and SLS : Part :
The objective of the current study was to detect and identify P. aeruginosa in bottled drinking water samples sold in Sri Lanka.
METHODS

Sample collection
Thirty-six brands of bottled water (source: natural springs -13 brands, wells -12 brands, unknown source -11 brands, five bottles of 500 mL per brand), within its shelf life, were randomly selected in the years 2010-2011 from retail and supermarkets covering the entire island of Sri Lanka, and subjected to the determination of P. aeruginosa.
Microbiological analysis
Detection of P. aeruginosa in bottled drinking water samples
Membrane filtration technique was used to detect P. aeruginosa in water samples. One hundred millilitres of each bottled water sample was passed through sterilized membrane filters (Sartorius, Germany, 0.45 μm) in a membrane filtration apparatus (Pyrex, Germany were considered positive for the assay.
Acetamide broth
Presumptive isolates were inoculated into acetamide broth tubes (Hi-media, India) using a sterile inoculating loop, and the tubes were incubated at 37 W C for 22 ± 2 h.
Subsequently, 1 or 2 drops of Nessler Reagent (BDH, UK) were added. Tubes showing a yellow to brick red colour, caused by ammonium production, were considered positive for the assay.
King B agar
Presumptive isolates were sub-cultured on King B plates (Fluka, Switzerland) at 37 W C for 5 days in humid containers to prevent drying. The plates were examined daily under 364 nm ultraviolet radiation. The presence of fluorescence (fluorescein production) during the 5 days of observation was considered a positive reaction. 
RESULTS AND DISCUSSION
P. aeruginosa, which is a common bacterium in tropical regions (Downes & Ito ) , has the capacity to adapt to different hosts and environmental conditions. This ability to activate useful phenotypes under environmental stress has allowed the species to persist in adverse conditions, such as nutrient deprivation, oxygen tension and osmolarity.
As bottled water has one or more of the above mentioned conditions, there is a possibility that these waters could harbour P. aeruginosa. The results of the current study provide further evidence of this possibility. Among the brands tested, 18 (50%) brands were confirmed to be contaminated with P. aeruginosa on cetrimide agar (Figure 1(a) ), and the isolates were fluorescent when examined under 364 nm UV radiation (Figure 1(b) ). Some brands had more than 100 cfu of P. aeruginosa in 100 mL of sample (Table 1) .
One hundred and eighty-six isolates on cetrimide agar were considered to be presumptive P. aeruginosa colonies.
Out of these isolates, 176 were Gram negative, catalase negative and oxidase positive. These 176 isolates were subjected to ISO 16266:2006 test, viz; production of pyocyanin (Figure 2(a) ), pyoverdin (Figure 2 been documented that if these microorganisms are not adequately removed during processing and bottling, bacterial multiplication may occur 1-3 weeks after bottling, and the bacterial count can reach 10 3 -10 4 bacteria mL À1 at 37 W C.
Tamagnini & Gonzalez () reported that P. aeruginosa was isolated from commercial products bottled in returnable plastic containers due to the contamination from the reported the presence of P. fluorescens, Aeromonas sp.,
Pasteurella sp., Citrobacter sp., Flavobacterium sp., Providencia sp. and Enterococcus sp. in bottled water.
The high numbers of total and FC and other noncoliforms including P. aeruginosa detected in bottled water in Sri Lanka may be due to improper UV treatment, faulty UV systems, clogging of filters and cross-contamination or the use of unsuitable source water for bottling. In the Sri Lankan bottled water industry, it is recommended that UV radiation and filtration be employed during the bottling process. However, it was not possible to determine the efficiency of UV treatment, as bottle water manufacturers are very reluctant to grant permission for outsiders to visit their processing plants.
CONCLUSIONS
According to the results of the current study, P. aeruginosa was observed in 50% of the bottled water brands investigated, leading to health concerns, since P. aeruginosa is an indicator of inferior water quality. Use of suitable source water and regular monitoring of bottling plants are recommended in order to provide safe bottled drinking water to the Sri Lankan market.
